We present high quality long slit spectra along the major and minor axes out to 1.5 effective radius (R e ) of the massive galaxy NGC4636 taken by Hobby-Eberly Telescope (HET). Using Fourier Correlation Quotient (FCQ) method, we measured the stellar line-of-sight velocity distribution along the axes. Furthermore, six Lick/IDS indices (Hβ, Mgb, Fe 5015 , Fe 5270 , Fe 5335 , Fe 5406 ) are derived from the clean spectrum. By comparing the measured absorption line strengths with the predictions of Simple Stellar Populations (SSP) models, we derived ages, total metallicity and α abundance profiles of the galaxy. This galaxy presents old and [α/Fe] over abundant stellar populations. Indeed, using the SSP model, we obtained the broadband color profiles. The theoretical colors match well with the measured colors and present red sharp peaks at the galaxy center. The sharp peaks of the colors are mainly shaped by the high metallicity in the galaxy center. Interestingly, the galaxy has steep negative metallicity gradients, but trend flattens outwards. This result likly suggests that the center and outer regions of the galaxy formed through different formation process.
INTRODUCTION
The formation and evolution of massive, early-type galaxies constitutes a long-standing and crucial problem in cosmology (Sánchez-Blázquez et al. 2007 ). According to the classic monolithic-collapse model for the formation and evolution of early-type galaxies (Tinsley 1972; Larson 1975; Tantalo et al. 1996) , the early-type galaxies formed most of their stars during a single short and highly efficient star formation event in the early universe. This model is strongly supported by the extremely small scatter of the observed color magnitude relation of elliptical galaxies. This uniformity of stellar populations in ellipticals is also supported by the Fundamental Plane (Dressler et al. 1987; Djorgovski & Davis 1987; Saglia et al. 1993) . Moreover, the tightness of the Mg − σ relation for massive elliptical galaxies observed in the local universe Sánchez-Blázquez et al. 2007) but holding up to the intermediate redshift z ≈ 1 (Ziegler & Bender 1997; Bender et al. 1998 ) requires a picture of a short, and highly efficient star formation process at high redshift and passive evolution since then.
In contrast, according to the hierarchical merging scenario (White & Rees 1978; Kauffmann et al. 1993) , the massive early-type galaxies are expected to have formed through multiple mergers and the accretion of smaller objects over an extended period (White & Frenk 1991; Somerville & Primarck 1999; De Lucia et al. 2006 ). This formation scenario has been observationally confirmed; COMBO-17 and DEEP2 surveys show that the number density of red galaxies has increased since redshift z=1 (Bell et al. 2004; Faber et al. 2007 ). Furthermore, giant galaxies show boxy isophotes and anisotropic dynamics, and more massive galaxies are more radio-loud, more strong X-ray emitters, more frequently disturbed. On the contrary, normal and low luminosity elliptical galaxies rotate rapidly, are nearly isotropic, show disky distorted isophotes and cuspy inner profiles. The properties of the former can be explaned in dissipationaless mergers, while the latter are recovered successfully with dissipational mergers (Nieto & Bender 1989; Bender et al. 1989; Bender & Surma 1992; Barnes 1992; Mehlert et al. 1998) . Recently, Kuntschner (2000) ; Thomas et al. (2005) ; Collobert et al. (2006) ; Bernardi et al. (2006) ; Clemens et al. (2006) ; Rogers et al. (2010) showed that early-type galaxies in low density and in high density environments might exhibit different formation ages, and Lisker et al. (2008) ; Sánchez-Blázquez et al. (2009) ; Matković et al. (2009) found evidence that lower mass galaxies have more extended star formation histories.
Radial profiles of the kinematics, colors, ages and metallicities of the stellar populations are the efficient tools to study galaxy formation scenarios. In standard closed-box models of chemical enrichment, the metallicity is a function of the yield and of how much gas has been locked after star formation has ceased (Tinsley 1980) . Therefore, the metallicity strongly depends on the dynamical parameters. For instance, for galaxies formed via a monolithic-collapse, stars formed in all regions during the collapse and remain in their orbits with little movement inward, whereas the gas dissipates into the center, being continuously enriched by the evolving stars. Therefore, stars formed in the center are predicted to be more metal rich than those in the outer regions. So far the galaxies should have steep radial metallicity gradients (Larson 1976; Thomas 1999; Sánchez-Blázquez et al. 2007 ). On the other hand, major mergers, which come along with hierarchical merging, will dilute stellar population gradients (White 1980; Kobayashi 2004; Hopkins et al. 2009; Tortora et al. 2011) . Therefore, more flat population gradients are expected within this picture. Accordingly, the observation of stellar population gradients and their connection to dynamical parameters can give crucial insight into the formation paths of individual galaxies.
This work is aiming to deeply investigate the stellar kinematics and populations of the massive galaxy NGC4636. NGC4636 is an E/S0 galaxy, located at about 2.8Mpc southeast from the Virgo center and 14.7 Mpc [(m − M) 0 = 30.83 ±0.13] from us. Effective radius, ellipticity, and position angle of major axis of NGC4636 are R e = 88.5 ′′ , ǫ e =0.256, and PA = 150 • , respectively (Tonry et al. 2001; Rampazzo et al. 2005; Kim et al. 2006; Schuberth et al. 2006) . NGC4636 is considered to be a major member of a small group falling into the Virgo center (Nolthenius 1993) . Although, it is relatively less luminous (M v = -21.7 mag, ) among the gEs in Virgo, but NGC4636 shows several interesting features. For instance, NGC4636 is found to be very bright in X-rays (L X ∼ 10 41 ergs s −1 ), with unusual feature in the hot interstellar medium (ISM) (O'Sullivan et al. 2005; Kim et al. 2006; Posson-Brown et al. 2009 ). The galaxy NGC4636, has boxy isophotes (Rembold et al. 2002) and does not show rotation both along major and minor axes (Davies et al. 1993; Bender et al. 1994; Rampazzo et al. 2005) . Indeed, NGC4636 is one of the best targets for studying kinematics of globular clusters since it has an anomalously large number of GCs (Dirsch et al. 2005; Chakrabarty & Raychaudhury 2008; Park et al. 2010; Lee et al. 2010) .
There is a number of works which focus on the study of kinematic profiles, line strength indices and stellar population parameters in NGC4636 (Davies et al. 1993; Bender et al. 1994; Tantalo et al. 1998; Rampazzo et al. 2005; Annibali et al. 2006; Li et al. 2007 ). However, the previous measurements are concentrated within R e /2 of galaxies. From a comparison of the stellar parameters within R e /8 with these within R e /2 of some early-type galaxies sample, Davies et al. (1993); Trager et al. (2000) ; Denicoló et al. (2005) found that the elliptical galaxies present slightly negitive metallicity gradients from the centers to the outer regions and the ages are likely to increase slightly outwards. The same trends were detected by Fisher et al. (1995) . But still only 1/3 of the star mass is contained within R e /2. In this work, we obtained deep long slit spectra of the local galaxy NGC4636 outer to 1.5 R e , aiming to study the stellar populations and kinematics out to larger redius and give crucial insight into the formation paths of galaxy. The paper is organized as follows. In Sect. 2 we describe the observations (Sect. 2.1) and the data reduction (Sect. 2.2). In Sect. 3 we present the kinematics (Sect. 3.1) and the line strength measurements (Sect. 3.2) . We analyze the Lick indices and derive ages, metallicities, and α/Fe ratios, present the colors and mass-to-light ratios and briefly describe the models and the method used in Sect. 4. A summary of this work is presented in Sect. 5. The full data table of kinematics and Lick/IDS indices are shown in Sect.6.
OBSERVATION AND DATA REDUCTION

Observation
Long-slit spectra along major and minor axis of NGC4636 were collected during the period of April to May in 2008 using the HET in service mode and the Low-Resolution Spectrograph (LRS) with the E2 grism (Hill et al. 1998) . In order to detect the galaxy outer regions, the center of the galaxy was moved towards one end of the slit. The slit width was 3 arcsec, giving an instrumental broadening of σ inst = 120 km/s and covering the wavelength range from 4790 to 5850 (Å). The exposure time of each slit was 900 sec. Moreover, 900 sec exposures of blank sky regions were taken at regular intervals. The seeing ranged from 1.49 to 2.57 arcsec. The resulting summed spectra probe regions out to nearly 1.5 R e of NGC4636. In addition, calibration frames (biases, dome flats and the Ne and Cd lamps) were taken. Table 1 shows the logs of the spectroscopic observations.
Data Reduction
The data reduction used the MIDAS package provided by ESO. The pre-process of data reduction was done following Bender et al. (1994) . The raw spectra were bias subtracted, and divided by the flatfields. The cosmic rays were removed with a κ − σ clipping procedure. The wavelength calibration was performed using 9 to 11 strong Ne and Cd emission lines and a third order polynomial. The achieved accuracy of the wavelength calibration is always better than 0.6 Å (rms). The science spectra were rebinned to a logarithmic wavelength scale.
The step of sky subtraction required particular care to minimize systematic effects on the measured kinematics and line strengths in the outer regions of our galaxies. More detials can be seen in Saglia et al. (2010, Fig. 2) and Pu et al. (2010, Fig.1; Fig2) . Here, We briefly describe the calibration of the atmospheric sky level procedure. At the begining, we selected the spectra of galaxy where a sky spectrum with a uniform slit illumination was available, and almost photometric conditions were achieved, yielding the largest galaxy counts per pixel. To correct for the inhomogeneous slit illumination, we produced a 4th to 6th order polynomial model of the sky spectra for each column in spatial direction and subtracted it from the selected galaxy frames, obtaining a reference science frames G r . We computed the fractional residuals between the scaled and the reference slit profiles
( 1) and minimized it (see below). Here f S i is the scaling factor of the noise-free (i.e. the polynomial model) sky frame taken after the galaxy frame G i , when available, or the average of the most uniform sky frames when not. The symbol indicates the average in the wavelength direction and R(r) is a function of the position r along the slit. Moreover, f G r is a scaling factor that takes into account the different atmospheric transmissions. We determined f G i and f S i iteratively such to minimize R, which in an ideal situation should be zero at every radii. Finally, we computed the resulting total galaxy frame G tot as:
(
In practice, due to the non-uniformity of the slit illumination function the function R(r) is not always zero, but through the summing in Eq. 2 the differences should average out. We can test the quality of the calibration by comparing the profile G tot with available broadband photometry. Figure 1 shows the comparison between the summed shifted slit profiles and the broadband photometry of the galaxy. The solid and open dots indicate the counts number profiles measured from the summed spectrum of major and minor axes respectively. The solid and dashed lines present the V band photometry data taken from Kormendy et al. (2009) . The plot confirm that the summed spectrum agrees well with the broadband photometry out to large radius. In addition, we also need to correct the anamorphic distortion of the LRS , remove sky emission line spectrum and remove the continummu spectra. The procedures are described in details in Pu et al. (2010) .
KINEMATIC AND LICK/IDS INDICES PROFILES
Kinematics Profiles
We extracted the line-of-sight velocity distributions (LOSVDs) and kinematic parameters from the continuum-removed spectra that rebinned radially to obtain almost constant signal-to-noise ratio, using the Fourier Correlation Quotient (FCQ) method (Bender 1990 ) with the implementation described in Saglia et al. (2010) that allows for the presence of emission lines. The stellar spectra library of Vazdekis (1999) is used as the templates aimming to minimize the mismatching. This library contains about a thousand synthetic single-stellar-population spectra covering the wavelength range from 4800 to 5470 Å with a resolution of 1.8 Å. We used the library with ages of 1.00 to 17.78 Gyr and metallicities from -1.68 to 0.2. We first set all of the library spectra to the resolution of our galaxy spectra and find the best fitting template for each radial bin according to the lowest RMS value of the residual (reaching typically 1% of the initial flux). If emission lines are detected, Gaussians are fitted to the residuals above the best-fit template and subtracted from the galaxy spectrum to derive cleaned spectra. The kinematic fit is then redone using these cleaned spectra. We do not detect emission in the spectra of NGC4636.
R (arcsec)
R (arcsec) Fig. 3 The line-strength indices along the major and minor axis. The names of the indices are labeled and the galaxies' names are also noted. The solid lines show the model (TMB03) predicted line strength profiles along the axes.
The Fig. 2 presents the kinematics along the major and minor axes in NGC4636. In this figure we show the rotational velocity, the velocity dispersion and the Gauss-Hermite parameters H 3 and H 4 . The filled symbols show the kinematic profiles on south-east (SE) side along the major axis and north-east (NE) side along the minor axis. The reference data taken from Bender et al. (1994) are also doted in squares in the plot. As it can be seen from the figures, agreement is generally good. The a e = R e · ǫ −1/2 and b e = R e · ǫ 1/2 are labeled, where the R e is the effective radius and the ǫ is the apparent axial ratio. The kinematics data extend to 140 arcsec along major axis and 105 along minor axis from the galaxy center. Further extend out than the previous work of Bender et al. (1994) ; Davies et al. (1993) ; Rampazzo et al. (2005) . The kinematic profiles present no rotation both along major and minor axes. The velocity dispersion show flat gradients inside 100 arcsec and become steep along major axis. The measured stellar kinematics with errors table is presented in Table. 2 in Appendix. Trager et al. (1998) . The line strength indices have been measured from the cleaned spectra along the major and minor axis. Before measuring the indices, our spectra were degraded to the resolution of Lick/IDS systems. We then corrected the indices for the velocity dispersion using template stars and the value for σ derived in the previous section. Finally, the observational data need to be corrected to the Lick/IDS system. To do this we observed 5 stars from the Lick/IDS library using the same instrumental configuration used for the science objects and derived the offsets between our data and the Lick/IDS system. The comparison of our data with the Lick standard systems can be found in Pu et al. (2010 , Fig. 4) . The data are in good agreement with the Lick/IDS systems, as found in Saglia et al. (2010) using a larger set of Lick standards observed with LRS and HET at a better resolution. So far, the deviation between our measurements and the Lick system can be ignored, but we take into account the RMS of the calibration lines into the final error budget, by adding it in quadrature to the statistical error of each index. Fig.3 shows the six line strength indices profiles along the major and minor axies of the galaxy. The names and positions are labeled in the figure. The dots present the measured lick/IDS and the solid lines show the SSP models predictions, they will be discussed in the following sections. The full table of six Lick/IDS indices is presented in Table. 3 in the Appendix. The galaxy presents positive gradients of Hβ index both along major axis and minor axis, very similar to profiles in another galaxies discovered in previous work (Davies et al. 1993; Sánchez-Blázquez et al. 2007; Pu et al. 2010) . We also measured the indices Mg 1 and Mg 2 , but we do not use them in this work since these two indices are very sensitive to the anamorphic distortion.
Lick/IDS indices Profiles
STELLAR POPULATIONS
In this section, we derive the age, total metallicity and element abundance gradients along the major and minor axes by comparing the measured line indices with simple stellar population models (TMB03). The details of this model can be seen from Thomas et al. (2003 Thomas et al. ( , 2005 . Here, we give a brief description of this model: The TMB03 models cover ages between 1 and 15 Gyr, metallicities between 1/200 and 3.5 solar. Furthermore, the models take into account the effects on the Lick indices by the variation of α abundance, hence, give Lick indices of simple stellar populations not only as the function of age and metallicity, but also as the function of the α/Fe ratio.
In this work, we do not adopt the traditional and effective method of studying stellar population properties which uses diagrams of different pairs of Lick indices (Thomas et al. 2005 ′ index is considered as the best detector of metallicity since it does not depend on abundance ratio variations. Following Saglia et al. (2010) and Pu et al. (2010) , we use the simple χ 2 minimization method. χ 2 method fits all of Hβ, Mgb, Fe5270, Fe5335 and other available indices at the same time, the best resolution is bound to break the age-metallicity degeneracy. The tests for Coma galaxies done by Thomas et al. (2011) show that the results which derived using new method were better than the results obtained using the traditional method. The χ 2 is give by: 5335 and Fe 5406 are used as the indicators. Moreover, we interpolated the tabulated indices of TMB03 on steps of 0.1 Gyr in age, 0.02 in metallicity and 0.05 in α/Fe aimming to improve the precision of the stellar properties using the χ 2 minimization method. Fig. 3 with solid lines. As it can be seen from Fig. 3 , in generally, theoretical line strength indices match well with the measured parameters in the inner regions of the galaxies except Fe5270 due to this indies be contaminated by some unkonwn sky lines and we set its weight to zero. In addition, we also calculate the Johnson broadband U-B, U-V, B-V, V-R, V-I, V-K, J-K, J-H, H-K color and M/L ratio in B, V, R, I, J, H, and K bands profiles using the Kroupa initial mass function (Kroupa 1995) with the help of the SSP models (Maraston 1998) . For a clear presentation in the figures, we only show the U-B, B-V and V-I color and the mass to light ratios in B, V, I band in this papers. On the top right panels in Fig. 4 , the blue and green solid lines stand for U-B and B-V color respectively; the red lines indicate the V-I color.
The measured U-B color [taken from (Peletier et al. 1990) ] are also over plotted with solid blue dots.
As it can be seen from the plot, the model predicted color profiles agree well with the measured colors. Indeed, the colors present steep negative gradients and sharp peaks, this feature mainly shaped by the metallicity profile. The middle right panel of Fig.4 shows the theoretical M/L ratio in B, V, I bands; the blue, green and red lines display the M/L ratios in B, V and I colors respectively; The minimized χ 2 of selected line strength are presented in the bottom panel on right, red, blue and green lines present the minimize χ 2 of Hβ, Mgb and Fe 5270 respectively; while the black lines show the total minimized χ 2 . The large values of χ 2 along major axis are mainly driven by the Fe5270.
SUMARRY AND DISCUSSION
In this work, we measured the accurate kinematic profiles extending out to 1.5 R e along the major and minor axis for the giant elliptical galaxy NGC4636. Indeed, six Lick line indices (Hβ, Mgb, Fe 5015 , Fe 5270 , Fe 5335 , Fe 5406 ) defined by Burstein et al. (1984) ; Worthey et al. (1994) ; Trager et al. (1998) of NGC4636 are also derived. By comparing the measured Lick/IDS with the SSP model predictions, we derived the stellar population parameters, the M/L ratios and the broadband colors of our galaxies. We found the galaxy NGC4636 has high metallicities in the galaxy center and presents steep negative metallicity gradients. The galaxy is α overabundant and do not present significant gradients of α abundances along the axes. The galaxy have sharp red peaks at the center which be mainly shaped by the metallicity (Maraston 1998) . The model predicted colors agree well with the measured color profiles. According to the simple element enrichment scenario, the α elements are mainly delivered by Type II supernovae explosions of massive progenitor stars, and a substantial fraction of Fe peak elements come from the delayed exploding Type Ia supernovae (Nomoto et al. 1984; Thielemann et al. 1996) . Thus the α/Fe can be used as an indicator to constrain the formation timescale of stars. Hence the flat profile of α/Fe ratio in our galaxy likely suggests that there is no radial variation of star formation time scales. The radial metallicity and lines strength gradients give one of the most stringent constraints on the galaxy formation (Sánchez-Blázquez et al. 2006; Tortora et al. 2011 ). The galaxies that form monolithically have steeper gradients and the galaxies that undergo major mergers have shallower gradients. The mean metallicity gradients for non-merger and merger galaxies derived by theoretical simulation in Kobayashi (2004) are △[Z/H]/△ log(r) ∼ −0.30 ± 0.2 and −0.22 ± 0.2, respectively. The author found that the galaxies with gradients steeper than -0.35 are all non-major merger galaxies. The gradients inside R e of NGC4636 is △[Z/H]/△ log(r) = -0.333 ±0.022; while the gradients of NGC4636 becomes flat outer R e . Accordingly, this is a weak indication that the center and the out regions of NGC4636 are formed through different formation process. Indeed, it is worthwhile to observe the Lick/IDS in further out regions with newly developed observing technique as done by Weijimans et al. (2009) . And it will give us a new insight on the formation of the elliptical galaxies.
In the forthcoming works, we plan to further investigate the dynamical structure and orbit distribution of NGC4636, to investigate further constraints on the formation process of the galaxy. Table 3 The full table of measured Lick/IDS as a function of distance from the center (positive: east, negative: west) for the different position angles.
